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[57] ABSTRACT 
A master station and N slave stations include synchro- 
nization equipment to enable each of the stations ic f 
have access to^_commofl:gepeater in a hit te rent one of 
M timTllotTofXTD Mlforma t-at the repeater, thefe^ 
being motipnbetween the_master_and slave stations anH 
the repeater. Each time slot is employed on a push-to- 
talk basis for N/M slave stations. The ma ster station 
pro pagates a reterence svnCbuTst throughtne repeater 
Each^oLthe^tations^ecei.ve^this _master svnc burst from 
the repjeatej . The master station adjusts the frequency 



of the timing signals therein to compensate for the 
doppler shift experienced in the propagation path from 
the master station to the repeater and each of the slave 
stations adjusts the frequency of the timing signals 
therein to compensate for the doppler shift experi- 
enced in the propagation path from each of the slave 
stations to the repeater so that the desired frequency of 
the timing signals is present at the repeater. The master 
station in response to the received master sync adjusts 
its timing signals so that the signals propagated there- 
from arrive in the proper time slot of the TDM format 
at the repeater. Each of the slave stations propagate a 
different low power level, psuedo noise code ranging 
signal through the repeater to the master station. The 
phase information of this ranging signal is detected in 
the master station, coded, and transmitted to the ap- 
propriate one of the slave stations. This phase informa- 
tion is responded to in the appropriate slave station to 
adjust the phase of its timing signals so that data bursts 
of each of the slave stations appear in the proper time 
slot of the TDM format at the repeater. The ground sta- 
tion responds to the phase of the received master refer- 
ence signal and the phase information of the ranging 
signal to provide a measure of the satellite-to-slave sta- 
tion range at the ground station. In a single satellite sys- 
tem, the altitude of the slave stations and the rate of 
change or range, obtained from measuring the doppler 
of the carrier signal received at the associated slave sta- 
tion and is transmitted to the ground station in slow 
speed data channels provided during the synchronizing 
interval of each of the data bursts. These two bits of in- 
formation together with the satellite-to-slave station 
range enables the ground station to locate the position 
of a particular slave station. In a two satellite system, 
the equipment for determining the satellite-to-slave sta- 
tion range is duplicated for cooperation with a second 
satellite so that the altitude of the slave station and the 
satellite-to-repeater range for both satellites enable the 
position location of a particular slave station at the 
ground station. 

10 Claims, 5 Drawing Figures 
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SYNCHRONIZATION AND POSITION LOCATION f code modulation or dejtamodulatio n signals becaus e 

SYSTEM of sim plicity of radio equipm^nrand erticiency ot trans- 

\ m ission in a power limited environme n t^uch as ma y b e 
BACKGROUND OF THE INVENTION Encountered in satellite communication systems. * 
This invention relates to communication systems and y In TDM multiple access systems, it has in the past, 
more particularly to communication systems whereby ^-been the practice for the common repealer to receive 
a plurality of stations gain access to and communicate a number of independent carrier signals and by compu- 
through a common propagation medium, such as a tation equipment carried in the repeater would inter- 
common repeater. leave the independent carrier signals bit by bit in a con- 
Multiple access communication systems have been 10 tinuous sequence. This arrangement requires consider- 
iit|li7grf far~many-years-to^achLeve_m ultiple access to able equipment in the repeater itself and, therefore, 
long distance telephon e trunk syst ems. In add i tionTlhl T" particularly where the repeater is mobile, such as in sat- 
multiple access tecfiniquc is applicable to other com- ellite communication systems and the like, there would 
tfrnnication.systems-including. _but not necessarflyTe- result a weight problem for the vehicle carrying the re- 
str icted thereto, (l )^su pervisory _ control systems to en - 15 pea ter equipment and with respect to a satellite earry- 
aHle^supervision.lr om a fixed_common repeater or . mg the repeater equipment an increase in the cost of a 
from a central station through the common re rjeater^of launch vehicle to place the satellite in a desired orbit. 
thf> activities of-the plurality o f mobile stationTTEj re- j n prior art TDM multiple access systems, such as de- 
mote control systems to enable control, from a fixed scribed in U.S. Pats. No. 3,320,61 1 and 3,418,579 and 
cnmmon-repeater T .or-from.a cent ral station throu ghtiTjT 20 B e i gmm p a t. No. 669,318, there is described an ar- 
common repeater, of vario us responsi ve devices con- rangement enabling a reduction in the hardware re- 
t ained m^pluralitv^nnoEile stat ions, (3) commum ca» quired in the repeater and, hence, a reduction in the 
tions y stems to establish, maintain and/or enable co rn- problem of providing a vehicle to carry this repeater, 
munic ation between a fixed common repeater, or a By remov ing the TDM equipment from the repeater it- 
co mmunicat i on center cou pled to the fixed co mmon 25 ^ ^ . g possib | e t0 use a s i mp le clipper amplifier or 
re peater, and a plurality of "mopllF stations, suc has is naf ^ | imiling repeater. 

necessar y between an airport control tower and a plu : ft has bccn f oun( j j j n addition, that the pulse or bit by 

rali ty of airliners, and between a dispatcher commu ni- bit j nter i eavmg imposes considerable equipment prob- 

c ation center and a fleet of taxicabs, emergency vehi- Iem _ [n the p| uraUt y of sta tions requiring access to the 
cles and cargo carrying trucks, and (4) a communica- 3U common repeater. This complexity can be overcome, 

tion satellite system to enable a plurality of fixed or mo- of %% |eagt materialIy re duced where the interleaving at 

bile slave stations to utilize a common repeater earned ^ ater is pcr f 0 rmed on bursts of pulses from each 

by an orbiting satellite. station 

In providing the multiple access for the various sys- whe ; e there . $ movement bet ween the com- 

terns above set forth, different techniques have been mon repeatcr and the p^aHty 0 f stations, whether it is 

emplo yed in the past. One such technique is the so ^ ^ .. moving> Qr the stations ^ are 

called^ajig^ to enable a p lgalify mQ Qr both ^ ter and stations moving ^ 

of stations to have acc,ejs^&MMLM tive tQ * each 0|her it jg necessarV| where TDM tech- 

a common repeater on an "penned basis, namely a ^ ^ ^ common cr ^ 

random basis: . Another such » ^ employed, to provide in some manner the range info r- 

achieving of multiple access is m the employment of P J > P considered and the corn- 

frequency division mu tiplex tech mques^ wherein each continuous basis. In the above cited 

of the plurality of stations employs a different earner P information was obtained 

s gna and wherein the common repeater has a band- P ru " ait F 4 * "Va,* -Jt,:^ ^*»i„»A ;„ ..mi ^tu„ 
width capable of handling all of the different frequency 45 ^ om • com P ut «f or l>ke device contained in each of he 
wiuui Mpauic ui laiiuiius • thorortf , chii n „ plurality of stations which provide information of the 

carriers and the intelligence carried tnereon.-Stiu^an- / u„*„,-„« 

other t echnique enabling multiple access to relal ' ve "wation of and range between the common e- 

reSeater h as been by ^Hj p fe^ peater and the considered one of the plurality of sta- 

^^ rmm^W^ ^^ ea TlT^lEe3 Kr- , n *>ns where the programming of the computer ■«. based 
^fitT Wations are a sZed to. or are^a CT?e- 50 upon predicted relative movement be tween thecom- 
-Ipntino. a tim e-sgnira TDM frame or format at the mon repeater and the considered station^ The tola in- 
commo n repeater to the^eby^pejrmlt.c ommunication accuracy of the range prediction with the elementary 
A^n r l..t^Wmmnn- ra pMte^a no n- interfering g - equipment has been determined to be in the order of 
Shi ir -multiple 55 I microsecond. Hence, the system timing format was 

techniques, it is mandatory tha^ 55 developed having a one microsecond guard band be- 

synchronizatioTso that ea ch ot the plurality o i stations tween transmission from each station and the next ao> 
tr ansmit thcirln^^ a p lural- cent station in the format. To realize reasonable effi- 

iir o flTrne sl ot s of a TDM format and be SQ -cTEffluYe d ciency of utilization of the common repeater, each sta- 
^oTl^ nimTslot selected for a particular statigSjEHlrls fi0 tion burst interval must be long in comparison to this 

ir.t^n will nnt interfere with the communica^ ou guard band, hence, a burst of 125 microseconds was 

lidr To T ot heis tatiojis in ad jacent time slots o fTKeTor - established. Thus, each station must have equipment to 

mat ' ' store communication traffic for a short period of time 

^ThTmultiple access s ystems employin g T DM tech- and transmit this in a 1 25 microsecond burst. The repe- 
niQU^nlve lIsB"D^5ra7ialog modulation, i5Hh as pulse 65 tition interval and, consequently, the required storage 
an^lituoTlnodulation and pulse position modulation, time is the product of the burst length and the number 
and-digitaHrrodiiTS tion, such arp ^n^cinl ermodula tion of simultaneous uses for which the multiple access sys- 
and-dclta-modutationrThe general trend is tor pulse tern has been designed. 
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In a first copending application of W.L. Glomb et at, information of said given aircraft to provide the posi- 
Ser. No. 712,658, filed Mar. 13, 1968, now U.S. Pat. tion location of said given aircraft. 
No. 3,532,985 and in a second copending application A feature of the present invention is a time divisio n 

of J.G. Dunn et al, Ser. No. 749,121, filed July 31, multiple access synchronization system to controFtfie 
1968, now U.S. Pat. No. 3,593,138 continuous range 5 transmission of signals from each of a master station 
information is provided by means of a pseudo noise an' d N"slave stations to be propagated through at leas t 
code signal transmitted from each of the stations one common repeater in a selected one of M time slots 
through the repeater with the equipment in each of the ' of a time division multiplex frame format aftrteTe - 
slave stations responding to its associated pseudo noise peatek ^e^stations and the repeater having relativ e 
code signal to adjust the timing signals therein to ac- 10 motioBTDierebetween, where N is an integer greate r 
count for changing range between the slave station and th an oneand M is an integer greater than one but l<fss 
the common repeater. In the first copending applica- IHarTN and an even multiple of N comprising: first 
tion, the control of the timing signals is performed means disposed jn.the.master station to transmit a mas - 
solely in a digital manner, while in the second copend- ter s vnc burst throufih th e r repeat eiL in_one_of the time 
ing application, the. control of the-timing signals is per- 15 sj ots; p> COTl< i means disposed in the master statiorTre- 
formed in an analog and digital manner. ~sponsi've to tne master sync burst from the repeater to .. 

SUMMARY OF THE INVENTION contrortne production ot timing signals employed to 

. control the time of transmission of the master sync and 

An object of the present invention is to provide- a others of thc transmitted signals from the master sta- 
-TDM- m ultip l e arcess^ysi em of the tYr ^s^described 20 Uon . ^ means disposed in each of tne slave stations 
above-empJaying^yjicJ^^ responsive to the master sync from the repeater to con- 

proved nature relative to the ^ pTe^iousiy em ployed UoI ^ production of timing signa , 8 employed to con- 
TDM multiple acc j gs sy stem and p .articular ly^rc^ T tro , the time of transmission of the transmitted signals 
wjth.cespect to the first and secono copenoing appnra- from the ^ soc{Mc6 one of the slave stations; fourth 
tions cited hereinabove . 2 means disposed in each of the slave stations coupled to 

Another object of the present invention is to provide thg associated one of the third means t0 tr J smit g 

a synchronizing system for a TDM multiple access sys- rfl . rf ^ n the re ter in its associated one 

tern wherein the pseudo noise ranging equipment is o- of the time slot8; flfth means disposed in ^ master sta . 

cated in a ground station which transmits the phase m- M tQ gecond * 

formation obtained from the pseudo noise code signal 30 . « _ 5 . t . „ . n . . „„- aA ^ f ^ oo 

p^«* fv,« tt „A r» n f,~ n ^ *uL n ««^«,iof fl «„ Q nf f L a information in the ranging signal received from the as- 

from the ground station to the appropriate one of the . . . r , • • j , 

i * »• «j * a u c *u - sociated one of the slave stations through the repeater; 

slave stations, said transmitted phase information then . # . „ . . . * « . . 

, . * » • -i , „ 4 \ . . . sixth means disposed In the master station coupled to 
being employed in the slave stations to adjust the tim- . fc A , AA , . K . . 

. . .„ - J the second and fifth means to transmit the phase infor- 

ing signals thereof. • . ■ A .*\ . . 

Still another object of this invention is to provide a 35 ^TfM repeat t e V n *• " s ^ ated * ne of 

synchronizing system for a TDM multiple access sys- th V ime sI °' S l ° a ** cial e d . one °[^ c slave «"""»; 
tern that reduces the equipment employed in the slave ™ d seven * " leans J^ 8 ^ m each of th& . s,ave sta ' 
stations and is applicable to an air traffic control sys- t,ons ?>"P lcd » sa,d means responsive to the 
tern, thc slave stations being the aircrafts over which P u has ° 'formation pertaining to the associated one of 
control is desired. 40 tne s,ave 8tatlons to adjust the phase of the timing sig- 

A further object of this invention is to provide a syri- nals produced by the third means so that the time of 
chronizing system for a TDM multiple access system transmission of the transmitted signals from the associ- 
wherein the range information for the ground station to ated one of s,ave stations is such that the transmit- 
satellitc, as provided by the master sync signal, and the ted s, S naIs occur ,n the proper one of the time slots at 
range information from the slave station to the satellite 45 tne repeater. 

as provided by the pseudo-noise code ranging signal at Another feature of this invention is the provision of 
the ground station is employed to indicate at the eighth means disposed in the master station coupled to 
ground station the range between the common satellite tne above mentioned second means and fifth means to 
and the appropriate one of the slave stations, thereby measure and provide an indication of the range be- 
providing a combined communication and distance 50 tween the repeater and the associated one of the slave 
measuring system. stations. 

Still a further object of this invention is to provide in A further feature of this invention is the provision of 
conjunction with a synchronizing system for a TDM additional equipment aboard each of the slave stations 
multiple access system the above mentioned range in- and in the master station to obtain sufficient inform a- 
formation at the ground station and other significant tion which together with the range information ob- 
information, such as the altitude of the aircraft and the tained by the above mentioned eighth means enables 
rate of change between the common repeater and the the location of the position of the associated one of the 
appropriate aircraft, to provide at thc ground station slave stations. 

P t^:^Z^^^on^ protein 60 BRIEF DESCRIPTION OF THE DRAWINGS 
combination with the above mentioned synchronizing The above-mentioned and other features and objects 
system for a TDM multiple access system. A second of this invention will become more apparent by refer- 
common satellite repeater with a duplication of the ence to the following description taken in conjunction 
equipment in the master station and the slave stations 65 with the accompanying drawings, in which: 
to provide at the ground station the range information FIG. 1 is a block diagram. illustrating the multiple ac- 
from the first satellite to a given aircraft and from the cess system in accordance with the principles of this in- 
second satellite to said given aircraft and the altitude vention capable of both communication between the 
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slave stations and the master station and also position transmission from the aircraft, but also the range from 

location of the slave stations; the aircraft to the satellite. This range information to- 

FIG. 2 is a timing diagram illustrating how the master gether with a rate of change information obtained at 

station obtains the necessary phase information to pro- the aircraft and the altitude of the aircraft enables posi- 

vide a desired measurement of range or distance be- 5 tion location of that particular aircraft. The phase or 

tween the common repeater and an associated one of timing information contained at the ground station, as 

the slave stations; derived from the pseudo noise code ranging signal, is 

FIG. 3 is a timing diagram illustrating the formats em- transmitted as will be explained hereinbelow through 

ployed in the multiple access system in accordance the repeater of satellite 42 to the particular one of the 

with the principles of this invention; 10 aircraft 41-41N to enable the adjustment of the trans- 

FIG. 4 is a block diagram illustrating the equipment mit timer contained in the aircraft to assure that the 

contained in the master station; and transmission bursts from that particular aircraft occur 

FIG. 5 is a block diagram of the equipment contained in the proper time slot of the TDM frame format, 

in each of the slave stations or aircrafts. The information previously discussed immediately 

„ 15 above is illustrated in FIG. 2 wherein Curve A jllus-. ... 

DESCRIPTION OF THE PREFERRED tfates the mastcr sync transmitted from station 40 and 

EMBODIMENTS Curve B illustrates the master sync received at station 

Referring to FIG. 1* there is illustrated therein a 40 from the repeater of satellite 42. The phase differ- 
block diagram of a TDM multiple access communica- ence between Curves A and B provide range informa- 
tion system capable of being employed in an air traffic 20 tion, namely, a range equal to twice the range of station 
control system which requires position location of the 40 to satellite 42. Curve C illustrates the master sync 
aircraft as well as two way communication between the as received at the particular one of the aircrafts 
master station 40 and the plurality of slave stations, 41-41N and Curve D illustrates the coded ranging sig- 
such as aircrafts 41 to 41N through a common repeater nal transmitted from that particular aircraft. Curve E 
carried by satellite 42. 25 illustrates the coded ranging signal received at station 

While the description of the invention will be carried 40 and as is illustrated contains phase information re- 
forth relating to air traffic control, it is to be under- lated to a range equal to twice the distance from station 
stood that the synchronization system for the required 40 to satellite 42 and from satellite 42 to the particular 
TDM multiple access system may be employed in any one of aircrafts 41. Subtracting the range information 
TDM multiple access system where the slave stations 30 contained in Curve B from the range information con- 
may be fixed ground stations, ocean going vessels, or tained in Curve E, there is obtained directly a range 
any of the other applications outlined hereinabove equal to twice the range of particular aircraft 40 to sat- 
under the heading "Background of the Invention". ellite 42. This range information as detected in station 
In the TDM multiple acc ess com munication system 40 can be appropriately operated upon by a division 
of this invention each of the stations 40 and 41-4TN 3S factor of two to obtain directly the satellite-to- aircraft 
transmitta l Jjursts_^h ich are timed to arrive aTre - range and, thereby, provide one bit of information nec- 
ppat^ 42^in-a_non -interferring relation relative Jo essary for the position location of the aircraft being 
bursts fro m-Oth er stations. The phase or timing of trl? considered. 

transmitted sig nals must be adjusted to compensa te for As previously pointed out, the first and second co- 

t heliitTerence in ran g e between the repeater ofgtetlite 40 pending applications provide one form of synchroniza- 

4 2 and the various aircraft 41-41 N. Where there is mo- tion of the transmitted signals from the slave stations to 

g tfojj hPtu/Pon repea ter 42 and stations 41^41N. as will be received in the proper time slot of the TDM frame 

be the case in an air traffic control system, the range is format at the repeater. As described herein, the first 

continuously changing and the continuous phase ad- and second copending applications are modified by the 

justment results in a frequency offset, namely, the 45 fact that the pseudo noise code ranging signal is trans- 

doppler effect which is proportional to the rate of mitted through the satellite repeater to the master sta- 

change of range. tion wherein the range measurement takes place. In a 

As in the case of the first and second copending ap- one satellite system, position location can be provided 

plications, master station 40 transmits a master or ref- by this range or distance measurement together with 

erence sync burst through satellite 42 to each of the air- 3U the aircraft altitude and the rate of range change at the 

crafts 41-41N, Each of the aircraft then transmits a dif- aircraft. The rate of range change must be obtained at 

ferent pseudo noise code ranging signal which in the the aircraft and transmitted to ground, since the dopp- 

first and second copending applications were received ler compensation in the ground station and the aircraft 

back at the corresponding aircraft from the repeater equipment compensates the transmitted signals so that 

carried in satellite 42. However, in accordance with the the true transmitted frequency appears at the repeater, 

present invention these ranging signals arc transmitted that is, the frequency received at the repeater from the 

from each of the aircrafts through the repeater carried ground station and from the aircraft has no doppler 

by satellite 42 and received at the master station 40. shift. 

The master station 40, in turn, receives the master sync 6Q Another position location arrangement utilizing the 
signal from the repeater of satellite 42. The phase dif- synchronization techniques described herein employs a 
ference between the transmitted master sync and the two satellite system each of which carries a repeater, 
master sync received from satellite 42 is a measure of such as satellite 42 and satellite 43 of FIG. I. The 
the range between satellite 42 and ground station 40. equipment of the master station as shown in FIG. 4 and 
The difference in phase, at station 40, between the re- 65 the equipment in the aircraft as shown in FIG. 5 are du- 
ceived master sync and the received pseudo noise rang- plicated in the master station and the aircraft for coop- 
ing code signal for a particular aircraft indicates not eration with the second satellite 43 to provide a second 
only the necessary timing to properly synchronize the range measurement. This second range measurement 
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together with the First range measurement and the air- will be obvious that many variations in the values and 

craft altitude will enable the position location of the the format are possible depending on specific system 

aircraft at the ground station. requirements. 

As disclosed in the above-mentioned first and second Curve A, FIG. 3 ijlustratcs the frame format which 

copending applications, synchronization was main- 5 includes a master sync burst of 1 1 microseconds and M 

tained by designating one station as the master which time slots, where M = 10, for access to the repeater, 

transmits a reference or master burst to the satellite The guard time between adjacent time slots amount to 

with the remaining stations being designated as slave 0.2S microseconds and the time slot is divided into two 

stations which time their bursts relative to the phase of intervals, a synchronizing and slow speed data burst in- 

the reference bursts. In an air traffic control system as 10 terval of 1 microsecond and a voice data burst interval 

disclosed in the present application master station 40 of 10 microseconds. The format of Curve A, FIG. 3, is 

is the controlling ground station and the slave stations derived from an 800khz (kilohertz) clock which has a 

are the aircrafts 41-41N. In the first and second co- period of 1.25 microseconds. This clock is divided by 

pending applications, the master and slave stations 9 to generate a time interval of 1 1 .25 microseconds, 

were essentially on an equal footing as regard size, 15 the interval of the time slots. Eight of the nine clock pe- 

power and complexity. In the present application, the riods define a burst of 10 microseconds duration (the 

controlling master station 40 has a considerably larger voice data burst interval) and the ninth clock period 

antenna, radiates higher power and is much more com- was previously allotted for a 1 .25 microsecond guard 

plex. The equipment complexity aboard aircrafts time. The output of the divide by 9 is next divided by 

4 1-4 IN is minimized in accordance with the principles 20 U, This generates a frame period which has a duration 

of the present invention. of 99 clock periods equal to 123.75 microseconds and 

As in the first and second copending applications, the contains 1 1 burst intervals or time slots (the eleventh 

slave stations maintain synchronization by measuring time slot being occupied by that master sync burst), 

their range to the satellite. This is done by sending a It is assumed that each aircraft is assigned to a partic- 

pseudo-noise code ranging signal, or the like, to the sat- 25 u ] ar time slot of the frame format and that up to 16 air- 

ellite and measuring the phase difference between the craft share this time slot with the ground station on a 

returned ranging signal and the received reference or push-to-pull basis. This number is arbitrary and is used 

master sync burst. The phase of the transmitted burst for illustration only. Thus, for this illustration N would 

is adjusted until the return ranging signal has the de- be equal to 160, the number of aircraft that can employ 

sired phase relation with respect to the reference signal 30 the TDM multiple access system of this invention. It is 

for maintaining synchronization. Range is determined also necessary for each aircraft to continuously use its - 

by the relative phase of the transmitted and received particular time slot for sync maintenance and ranging, 

ranging signals. This is readily accomplished by first dividing the time 

It has been discovered, however, and is described in slot into two subintervals; one for sync and slow speed 
the present application that the ground station can 35 data and one for high speed data. For example, 10 mi- 
measure the relative phases of the reference or master croseconds are allotted for voice data transmission and 
sync burst and the aircraft ranging burst as received 1 microsecond of the previous 1.25 microsecond guard 
from the satellite. In fact, because master station 40 has time for sync maintenance, ranging and slow speed 
a large antenna and a lower noise receiver, it can mea- data transmission. 

sure relative phase much better than the aircrafts can. 40 Now, the 10 microsecond voice data time will be 

Also, by processing the phase information at master used on a push-to-talk basis by a single aircraft or the 

station 40, the equipment required on the aircraft is ground station at any one time. Assuming that sync is 

greatly simplified. Thus, the basic function of the air- maintained, the ten microsecond data signal requires 

craft transponder in the system of the present applica- no further discussion. 

tion is to transpond the reference burst. ^ The frame format of Curve A is further subcom- 
As mentioned hereinabove, position location can be mutated so that N/M = 16 frames are defined as one 
enhanced if an independent range rate measurement sub-frame. This is illustrated in Curve B and the sub- 
can be made in addition to the basic range measure- commutation only applies to the one microsecond sub- 
menu This may be accomplished by measuring the intervals. Recalling that one frame equals 99 clock pe- 
doppler on the microwave carrier as received at the air- riods, a sub-frame equals 1 584 clock periods which has 
craft and transmitting this information to the ground a duration of 1.98 milliseconds. Each aircraft 41-41N 
station for utilization therein for obtaining the location will transmit a one microsecond sync pulse once each 
of the associated aircraft. This presents a problem in sub-frame. 

the frequency division system because the doppler cor- 55 To define a sub-frame to all aircraft, station 40 must 

rection is applied to the transponded signal to reduce modify its sync signal to result in a basic period of one 

the guard band between different frequency assign- sub-frame. Actually, to remove range ambiguity, the 

ments. No such problem exists in a TDM multiple ac- format must be further subcommutated as discussed 

cess system, however, since the received carrier fre- below. This will require a sync signal whose basic pe- 

quency can be transponded coherently after doppler 6Q riod is as low as the lowest repetition frequency of the 

compensation to obtain directly a measure of the dopp- final format. 

Icr effect. The ranging signal is initially transmitted at much 

Referring to FIG. 3 there is illustrated therein the for- lower power than the master sync or data bursts. For 

mats employed in the system of the present application instance, the ranging signal should be transmitted at 1 0 

which is a modification of the format employed in the 65 or 20 db (decibels) less than the sync or data bursts, 

first and second copending applications. The values il- The signal suppression effect of a hard limiting satellite 

lustratcd in FIG. 3 and mentioned hereinafter in the repeater will further reduce this level if it happens to be 

specification arc only for purposes of example and it transmitted at the wrong time and intefers with a nor- 
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maJ level signal. On the other hand, when the ranging Total 20 

signal falls in Us jotoper time slot, it will saturate the sat- . . 

ellite repeater limiter and transmits full satellite power. f The divide by 8 .s used to derive the 800 khz c ock 

In this manner interference due to ranging during initial from , a 6 4 «nhz (megahertz) clock to give a final t,me 

... * d d 5 resolution of 156 nanoseconds which corresponds to a 

"initial acquisition is obtained by one of the aircrafts f ' nal .. °"?- wav ™* e reso1 "*™ ? 5 ™ ,CrS ' ™ e 

41-41N transmitting, at a low power, its 1 microsecond "« lvc » * e a,rcra h ft ™? ™ 

. „ 5V . r . " r . # . # • to the received reference burst. The phase of the trans- 

sync s,gnal at an arb.trarv ume ir , *e forma'; that ,s 44 conUolIed £ ^ ^ 

the transmit tuner 44 of FIG 5 is in.ually not incorrect on effor measl / rement made b 

phase. The acquisition results from stepping the phase 10 tf ^ d commands from th > 

of transmrt timer 44 until the return falls in the assigned * on s , ow £ channe , 

time s ot. This search w,U take a maz.mum Ume of Nqw (he transmits ^ ^ Qf it$ 

1 584 times the maximum round trip propagation delay jnstant ^ ^ transmit ^ „ 

to the satellite If this twice round trip delay is approxi- some ^ ^ Thjs wffl in . 2Q bhs 

mately one-half second, the maximum acqu.s.uon time 15 ^ dis P cussedi isadirect meas urement of the range 

would be 13.2 minutes. from aircraft to sateUite. 

To reduce this tune a three step ranging process These 2Q ^ afe transmitted oncc each 32 . 4 mi „i. 

would be more desirable. During the first step a low secon(Js jn ^ form of bjnary modu)ation of 20 of the 

level 10 microsecond ranging signal is transmitted. The n . & transmitted by ^ aircrafl durjng that 

transmit timer 44 can now be sleeved in 10 microsec- 20 io(J The remaining , 2 sync bits are used to convey 

ond steps which requires only 6 seconds to search a , he hase infonnat | on from the ground station to the 

frame. This coarse search is completed when the 10 mi- aircra[ti the a | titudc information from the aircraft to 

crosecond ranging pulse is received during the one mi- ground station and ^ ^e of range change from the 

crosecond data sync sub-interval assigned to the air- aircraft t0 the ground station and ot h eT telemetry data 

craft. as required. 

The coarse search is followed by the fine search Referring to FIOS. 4 and S t there is illustrated therein 
transmitting a low level t microsecond ranging signal |f| Wock diagram form the equipment contained in sta- 
every frame instead of once every sub-frame. Acquisi- tion 4Q Mtf the equipm ent contained in each of the air- 
tion of this pulse is frame sync and the aircraft can Cfaft8 41^41^. This equipment is described in detail, 
begin transmitting its one microsecond ranging pulse 30 both M t0 compone nts and function thereof, in the 
during Its normally assigned 1 microsecond sync sub- above-mentioned second copending application. The 
interval, but still at low level. The third step consists of on | y mo dirication necessary that is not described and 
a search of the 16, 1 microsecond sync sub-intervals in illustrated in said second copending application is the 
the sub-frame. The entire acquisition time thus does addition in the receive timer 45 and transmit timer 46 
not exceed about 20 seconds. 35 of station 40 0 f the divide by 1 6 and divide by 32 count- 
Once the acquisition is completed, it immediately de- er8 t0 prov j d e the sub-frames and sub-sub -frames of 
fines the range of aircraft to the satellite in modulo 1 60 fjq. 3 f t he aircraft sync demultiplexer and demodula- 
nautical miles determined by the period of a sub-frame. tQr 47 opcrat ed upon by these extra timing signals from 
This information is contained in the relative phases of timer 4S> ^ gIow speed dala mu |Uplexer and modula- 
the receive and transmit timers 45 and 46 of the ground 40 tors 49 oper ated upon by these extra timing signals 
station as shown in FIG. 4. The resolution of this range f rom timcr 4 5 f com mand coder 50 responsive to the 
measurement can be very high because a narrow one output of pseudo-noise ranging phase locked loop 51 
microsecond pulse is being used to make the measure- and tnc pnase comparator and satellite-to-aircraft 
ment. After acquisition, the range ambiguity is resolved fange indicator 52. In aircrafts 41 the additional equip- 
by subcommutating a code on the one microsecond 43 ment include the additional dividers by 1 6 and 32 in re- 
sync pulse. Sync is maintained by correcting the phase ceive t j mer 4 7 and transmit timer 44 used to operate 
of the transmit timer 44 (FIG. 5) based on a phase a i rC raft sync demultiplexer and demodulators 52 and 
error measurement at ground station 40. A further sub- 3 j ow speed data multiplexer and modulators 53 and the 
commutation of 32 to 1 as illustrated in Curve C, FIG. dopp i e r detector 54 together with altimeter 55. 

3 would make the range ambiguity more than sufficient 3U Transmit timer 46 activates the master sync burst 
(5120 nanometers). This requires another 16 seconds generator 55 to excite the IF carrier source and (inter- 
6f acquisition time to search these 32 time slots. The mediate frequency) and phase shift keyed modulators 
sub-commutation consists of modulating a 32 bit binary 55 wn ose output is modulated upon the RF (radio fre- 
code oh the sync pulse, each sync pulse carrying one bit quency) carrier in the high frequency portion of the 
of this code. The following describes a means for using 3 transmitter of the ground station 40. Thus, the master 
the code to resolve the range ambiguity. svnc burst is transmitted to the repeater of satellite 42 

Assuming a final sub-corn mutation of 32 to 1 as men- and t0 cacn 0 f the aircrafts 4 1-41 N. The return master 
tioned above, the transmit and receive timers in ground svnc Durst from the repeater of satellite 42 is down con- 
station 40 and in aircrafts 41-^41N as shown in FIGS. verted to an IF signal and coupled to carrier tracking 

4 and 5 will each have a series of counters to divide 800 phase locked loop 57, which in combination with raas- 
khz clock frequency down to 50.8 hz (hertz). It re- t er sync envelope detector 58 and receive clock phase 
quires 20 bits to specify this date of one of these timers; locked loop 59 operate upon receive timer 45 for tim- 
ing adjustment of the various dividers therein to pro- 

Dhjde by ^ u ™ btr of biu fiJ duce the (800 khz- d), where d is the doppier shift. 

9 1 1 J25 microsec! 4 This signal is then coupled to transmit clock phase 

11 123.75 microsec. 4 locked loop 60 to provide a doppier compensated 6.4 

16 1 .98 millisec. 4 f r \ r * 

\\ 63 4 miuisec 5 mhz output for adjusting transmit timer 46 to account 
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for the range between ground station 40 and satellite 
42 so that the master sync of generator 55 occurs in the 
proper time slot at satellite 42. 

Referring to FIG. 5, receive timer 47 and transmit 
timer 44 are in an aircraft and the master sync burst 
from ground station 40 is coupled to differential phase, 
shift keyed detector 61 which replaces the carrier 
tracking phase locked loop previously employed in the 
second copending application. Detector 61 together 
with master sync envelope detector 62 and receive 
phase locked loop 63 operate upon receive timer 47 to 
adjust the timing of the signal therefrom for the re- 
ceived master sync burst which provides a (800 khz — 
d) input to the transmit clock phase locked loop 64 
which then is coupled through phase shifter 65 to ini- 
tially time the outputs of transmit timer 44. Transmit 
timer 44 then activates the pseudo-noise ranging signal 
generator 66 to produce its particular pseudo-noise 
code ranging signal for application to the IF carrier and 
sub-carrier sources and modulators 67 for application 
to the RF portion of the aircraft transponder. The pseu- 
do-noise code signal' from a particular aircraft is re- 
ceived on the IF input of FIG. 4 and applied to the 
channel burst demultiplexer and demodulator 58 and 
the sub-carrier tracking phase locked loop 68 to track 
the subcarrier and provide an input for the pseudo- 
noise ranging phase locked loop 51 which contains 
therein among other things, as illustrated and described 
in the second copending applications, correlators acti- 
vated by pseudo-noise reference generator 69 to re- 
cover the phase information contained in the received 
pseudo-noise code signal. This phase information is 
then coded in command coder 50 and applied to the 
modulators 56 through means of the slow speed data 
multiplexer and modulators 49 and channel burst mul- 
tiplexer and modulators 70 to provide the necessary 
phasing information for recovery in the aircraft sync 
demultiplexer and demodulator 52 for application 
through the proper demodulator of demodulators 52 to 
command decoder 71 which reproduces the phasing 
information detected at station 40 for control of trans- 
mit timer 44 through the means of phase shifter 64 in 
a continuous fashion and directly to appropriate ones 
of the binary counters of transmit timer 44 by means of 
the step retard and advance signals. This control of 
timer 44 properly times the various timing signal out- 
puts so that the transmission from this particular air- 
craft occur in the proper time slots. 

The information from the pseudo-noise ranging 
phase locked loop 51 is also coupled to phase compara- 
tor and satellite-to-aircraft range indicator 52 whose 
other input is coupled to the output of receive timer 45. 
Comparator and indicator 52, for example, may in- 
clude a meter or other appropriate measuring arrange- 
ment to provide a direct measure of the satellite-to- 
aircraft range appropriately sealed to eliminate the fac- 
tor of 2 illustrated in FIG. 2. Comparator and indicator 
52 measure the phase difference between the two input 
signals thereto and provide directly the satellite-to- 
aircraft range. 

The output of command coder 50 and other teleme- 
try data inputs are applied to the slow speed data chan- 
nels provided by the one microsecond sync interval as 
described in connection with FIG. 3. The command de- 
coder 71 receives its input from the proper one of the 
one microsecond sync intervals forming the slow speed 
data channels from demuliplexer and demodulator 52. 
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In a well known manner, the output from demodulator 
52 associated with the particular aircraft under consid- 
eration is gated to the input of command decoder 71 as 
selected by switches or other devices by the operator 

5 of the equipment. 

Now that range measurement has been obtained, po- 
sition location can be obtained in a one satellite system 
by closing switch 72 so that the value of the altitude is 
applied to one of the slow speed data channels and by 

10 closing switch 73 so that doppler detector 54 can pro- 
vide at its output the rate of range change for applica- 
tion to still another slow speed data channel for trans- 
mission to the ground station which information is re- 
covered in the slow speed data utilization devices 74 

IS through the intermediary of demultiplexer and demod- 
ulators 47. Thus, with the altitude and rate of range 
change present in a given one of the output devices 74 
and the range indication in device 52, it is possible to 
locate the position of the aircraft under consideration. 

20 in a two satellite system, the equipment of FIGS. 4 
and 5 would be duplicated and a second satellite 43 
would be associated with this duplicated equipment as 
discussed with respect to FIG. I. In this arrangement, 
the two range measurements, one with respect to satel- 

25 lite 42 and the other with respect to satellite 43 to- 
gether with the altitude information obtained from al- 
timeter 55 with switch 72 closed would enable the loca- 
tion of the aircraft under consideration. In this arrange- 
ment the doppler detector 54 would be inactivated by 

3° opening switch 73. 

In addition to the slow speed data channels, voice or 
high speed data can be provided by the employment of 
multiplexer and modulators 70 and demultiplexer and 
demodulator 58 of the ground station as illustrated in 

35 FIG. 4 and multiplexers and modulators 75 and demul- 
tiplexer and demodulator 76 of the aircraft equipment 
as illustrated in FIG. 5. 

While I have described above. the principles of my in- 
vention in connection with specific apparatus, it is to be 

40 clearly understood that this description is made only by 
way of example and not as a limitation to the scope of 
my invention as set forth in the objects thereof and in 
the accompanying claims. 
I claim: 

1. A time division multiple access synchronization 
system to control the transmission of signals from each 
of a master station and N slave stations to be propa- 
gated through at least one common repeater in a se- 

5Q lected one of M time slots of a time division multiplex 
frame format at said repeater, said stations and said re- 
peater having relative motion therebetween, where N 
is an integer greater than one and M is an integer 
greater than one but less than N and an even multiple 

S5 ofN, 

first means disposed in said master station to transmit 
a master sync burst through said repeater in one of 
said time slots; 
second means disposed in said master station respon- 
60 sive to said master sync burst from said repeater to 
control the production of timing signals employed 
to control the time of transmission of said master 
sync and others of said transmitted signals from 
said master station; 
65 third means disposed in each of said slave stations re- 
sponsive to said master sync from said repeater to 
control the production of timing signals employed 
. to control the time of transmission of said transmit- 
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ted signals from the associated one of said slave sta- 
tions; 

fourth means disposed in each of said slave stations 
coupled to the associated one of said third means 
to transmit a ranging signal through said repeater 5 
in its associated one of said time slots; 

fifth means disposed in said master station coupled to 
said second means to detect the phase difference 
between said master sync burst from said repeater 
and said ranging signal received from said associ- 10 
ated one of said slave stations through said re- 
peater; 

sixth means disposed in said master station coupled 
to said second and fifth means to transmit said 
phase difference through said repeater in said asso- 15 
dated one of said time slots to the associated one 
of said slave station; and 

seventh means disposed in each of said slave stations 
coupled to said third means responsive to said 
phase difference pertinent to the associated one of 20 
said slave stations to adjust the phase of said timing 
signals produced by said third means so that said 
time of transmission of said transmitted signals 
from the associated one of said slave stations is 
such that said transmitted signals occur in the 25 
proper one of said time slots at said repeater. 

2. A system according to claim 1, further including 
eighth means disposed in said master station coupled 

to said second means and said fifth means respon- 
sive to said master sync burst from said repeater 30 
and said ranging signal received from said associ- 
ated one of said slave stations through said repeater 
to measure and provide an indication of the range 
between said repeater and said associated one of 
said slave stations. 35 

3. A system according to claim 1, wherein 
said ranging signal includes 

a low power level pseudo noise code signal. 

4. A system according to claim 1, wherein 

each of said time slots of said frame includes 40 
a first interval for transmission of at least said rang- 
ing signal, and 
a second interval for data transmission; 
N/M slave stations utilize said second interval of each 

of said time slots on a push-to-talk basis; and 45 
said second and third means produce 
first timing signals to define each of said time slots 

of said frame, and 
second timing signals to define at least N/M of said 
first interval of each of said time slots to enable 50 
synchronization of said N/M slave stations utiliz- 
ing said second interval of each of said time slots 
on said push-to-talk basis. 

5. A system according to claim 4, wherein 

said second and third means further produce 55 
third timing signals to define at least L of said N/M 
of said first interval of each of said time slots to 
enable X of said L of said N/M of said first inter- 
val of each of said time slots to provide said rang- 
ing signal in the form of a low power level pseudo 60 
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noise type of code signal, where L is an integer 
greater than N/M but less than N and X is an in- 
teger greater than one but less than L. 

6. A system according to claim 5, further including 
eighth means disposed in each of said slave stations 

coupled to said third means and ninth means dis- 
posed in said master station coupled to said second 
means to enable utilization of (X— 1) of said L of 
said N/M of said first interval of each of said time 
slots as slow speed data channels between said mas- 
ter station and said slave stations. 

7. A system according to claim 6, further including 
tenth means disposed in each of said slave stations 

coupled to said third and eighth means to detect 
the rate of change of range between said repeater 
and the associated one of said slave stations and to 
transmit said rate of change of range to said master 
station on a selected one of said slow speed data 
channels; and 
eleventh means disposed in each of said slave stations 
to determine the altitude thereof and to transmit 
said altitude to said master station on another one 
of said slow speed data channels. 

8. A system according to claim 7, further including 
twelfth means disposed in said master station coupled 

to said second means and said fifth means to mea- 
sure and provide an indication of the range be- 
tween said repeater and the associated one of said 
slave stations; and 

thirteenth means disposed in said master station to 
provide an indication of said rate of change of 
range and said altitude; 

said rate of change of range, said range and said alti- 
tude cooperating to locate the position of the asso- 
ciated one of said slave stations. 

9. A system according to claim 6, further including 
a second common repeater; 

duplication of said first through ninth means for op- 
eration with said second repeater; 

tenth means disposed in each of said slave stations to 
determine the altitude thereof and to transmit said 
altitude to said master station on a selected one of 
said slow speed data channels; 

eleventh means disposed in said master station cou- 
pled to said second means and said fifth means to 
measure and provide an indication of the first 
range between said first repeater and the associ- 
ated one of said slave stations; and 

twelfth means disposed in said master station coupled 
to said duplicate second means and said duplicate 
fifth means to measure and provide an indication 
of the second range between said second repeater 
and said associated one of said slave stations; 

said altitude, said first range and said second range 
cooperating to locate the position of said associ- 
ated one of said slave stations. 

10. A system according to claim 6, wherein 

said sixth means transmits said phase difference on a 

selected one of said slow speed data channels. 
* * * ♦ * 
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